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The conditions on the Friedrich’s model,
which permit to write the formula for the jump
of the resolvent on continuous spectrum are ind-
icated
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Introduction

Preliminary and main theorem

Thepresentation of spectral projection by theresolvent R,

of selfadjoint operator
o1

E@)=lim - | (Re-ReJd ac (o)

is well-known for a long time (see for example Bereza-
nski Yu.M.[1],p.425). Obviously the jump of the resolvent
lim((R, —R)o,y), {=0+ig,6 € (—0,00) isimportant in the
e—>+0
theory of nonselfadjoint perturbation of continuous spec-
trum too. In the work Ljance V.E. [2] conserning non-sel-
fadjoint Friedrichs’ model the author uses an extension of
the operator in more wide space. In the work Cheremnikh
E.V. [3] an auxiliary operator (like maximal differential
operator) was used. In presented article we precise the
calculus of the jump of resolvent.

Let H=L*(R,H,),R =(—cc,o0), where H; is some Hilbe-
rt space with scalar product (O,O)H1 . We consider Friedrichs’
model

T=S+V, V=AB, D(T)=D(S), A,B:H—G, 1)

where S is the operator of multiplication by indepe-
ndent variable (i.e. (S¢)(t)=1d(t),TeR ) with maximal
domain of definition D(S) and A,B are bounded operators
from H in G. The space G is auxialiary Hilbert space.
We use notation ¢,y,f,geH,c,deG for the elements and
(e,0),(e,0), for scalar product respectively. We denote
SC=(S—§)’1,TC=(T—C)’1. The relation (T-C)w=¢ or
(S=0y+ABy=0 (seel) gives

y+SABy=S0, Im{=0 (2)



Now we apply the operator B to both sides of the re-
lation (2) and denote c¢=By. Then C+BS;A*c=BSC¢ or
K(§)c=BS ¢, where

K(£)=1+BSA", Im{=0 (3)

Substituing c=K(§)’1BS;¢ in (2), we obtain y =T,
where

T,0=S0-SAKE) 'BS0, Im{#0 (4)

for every value { such that there exists bounded inverse
operator K({)™'.

We denote by K, (£),Im{>-¢ and K ({),Im{<e the
extensions of the operator function (3) overaxis Im{=0,{#0
from the domains Im{>0 and Im{<O0 respectively for
some €>0.

We suppose that:

C,) there exist the extensions K,({) and
K, (€)=1]—0,{ —>eo uniformlyinthedomain [Im{|<g;

C,) the operators K,(§)" exist and are holomorph in
the domain [Im{|<g Re{#0 expect may be finite set of
points.

Denote

B0 =0-AK(Q)'BS,0, AQW=y-BKE)"ASy. (5)

Let

h(1,0)=((B©)9)(V).(A(D)y)(1)), T€R, ImL > 0. (6)

We need strong limits in the space G

(ASG )iq) = IIH})ASQ(P’ (BSG )iq) = IIH}]BSQ(I), C.a =0+iv (7)

and corresponding strong limits in H

B,(0)0=0-AK,(0)"(BS,).9,
A_(0)0=0-BK_(6)"(AS,).¢,0eH’

for the elements ¢ from some subspace H’ cH dense
in H, H'=H.

We suppose that

C,) strong limits (7) exist except may be finite set
DcR of values of ¢ for the elements ¢eH" and the fu-
nction h(t,0) (see(6)) for 0<Im<g,, for some g,>0 is
differentiable on t in R and

[Ih(z.0)|dr<M,0<Im¢ <e,, )

where M = const;
C,) for every finite interval (a,b) we have

Ih(t,§)-h(t,0)|<C|{ -0

Jt-0]<8,1e(ab),{=0+iv, (9)
where 6eR\D (see C,)) and C=const does not de-
pend on §, .
The main result of the article is given by following theo-
rem. Denote (see Cg) )

(T0w). = lim(T,.,0¥), O ye H’,6eR\D.

Theorem 1. There exists subspace H'cH" dense in
H,H'=H such that

1) limit values (T,0,y), existif ce R\ D, ¢,y eH';

2) jump of the resolvent in the point e R\ D is

(T,0.), ~(T,0p). = 27i((B,(5)0)(0)(A_(©)¥)(©)), .(10)

where

B,(0)0=0-AK,(6)"(BS,).9, A_(0)p=

(11
=0-B'K (0)"(AS,), 9,0 H'
3)if o,y e D(T)NH' then
(A,(G)(T* —G)\V)(G) =0, (B,(6)(T-06)0)(0)=0  (12)

andif {e, } c H, isarbitrary orthonormal base in H, then
the functionals

(@19 = (e, (A (@W)(©O))y,
(.55, =((B,(0)0)(0) ),
k=1,2,...

(13)

are eigenfunctionals of the operators T and T" respe-
ctively.

Choice of the factorization.

Note that the operators B({),A({):H—H (see(5)) do
not depend on the choice of the factorization V =A'B, really
comparison (5) with (4) gives

(S-0T,0=B©)o, (S-OT ¥ =AW, (14)

where T. is the resolvent of adjoint operator T  in the
point {. In the case

R(A)~R(B)~H, (15)

the calculation of the jump of the resolvent is more simp-
le. Otherwise we will replace given factorization V=A'B by
some special factorization which satisfies the condition (15).
So, suppose now that R(A")#H or R(B")=H . We denote
Z(A)={f eH:Af=0}. It is known that if AB:H—G are
bounded operators then

R(AH®Z(A)=H,R(B)®Z(B)=H.

(16)

Definition. Let G=G@®Z(A)®Z(B).
The space G is Hilbert space and scalar product for the
elements

EZ{C,ga,gB},a={d,hu,hB}e G

with arbitrary elements g, h, €Z(A),gz,h, €Z(B) is
defined by the expression

(@& d); =(c.d)g +(8,.h,)+ (g hy). (17)

Let P,:H—Z(A),P,:H—Z(B) are orthogonal projec-
tion.



Definition.The operators A,B:H— G are defined by the
relation

Af ={Af,P,f,0},Bf = {Bf,0,Bf}.

(18)

As G is Hilbert space then A", B":G — H.
Lemma 1. Following relations hold:

1) AB=AB
2) R(A")=R(B)=H

Proof. 1) Let feH be arbitrary element, according to
(17)-(18) we have

(ALD); =(Af0) +(Pfg,) = (A )+ (fg,) = (F,Ac+g,).

Therefore, if ¢= {c,ga,gﬁ} then
At=Ac+g,.

(19)

Substituing (see(18)) ¢ {Bf 0 Pf} {c,ga,gﬁ} in
(19) we obtain the statement 1)

2) As element g, €Z(A) inthe relation is arbitrary then

R(A")=H (see(16)). The operator B is considered by ana-

logy what proves the statement 2).

Lemma 1 is proved.

Note that new factorization V=A"B satisfies the cond-
ition (15).

Lemma about the difference T, - TE .

Letusconsiderthe caseofarbitrary factorization V=AB.

Lemma 2.
Let =A'c,y=B'd,c,deG then (see(2))

((Tc ‘Tz)"”“’) - ((Sz; —Sg)B(C)qu(C)w) (20)

and

‘11(\/)‘

BO(T-0)0=(S-0), AT -Ow=(S-Oy. (21)
Proof. According to (3)-(4)

BT,A"=BS,A"-BS,A'K({) 'BS,A" =
K(0)—1- (K () - DHK(E) (K@) -1)=1-K()™

and in view of presentation ¢=A'c,yy=B'd we have

(T.v) =BT A ¢ d), = (. d)e =(K©) 'e,d) .
Therefore

(T =T0.w)= (K@) -K@))e.d) =

= (K@ [KQ-KO]KQ) "ed) -

- ((BSgA* —BSEA*)K(Z;)*C,K(E)‘“d) -
~ ¢ (22)
- ((sg - SE)A*K(z;)*c,B*K(g)**d)G .

1
! J[r GMPN,

Multiplying K({)=1+BS,A" by A'K({)"" we obtain
Ac=AKE) e+ AK(Q) 'BSA'C

As 9=A'c then AK()'c=0-AK(C) 'BS,0=B©)o
(see(5)). By analogy BK()"d=A)y then (20) results
from (22). The change T.0—¢ and T\|l—>\|] transforms
(14) into (21).

Lemma 2 is proved.

To study right side of the relation (20) we need next
Lemma.

Lemma 3. If the function h(r,{) satisfies the conditions

C,)-C,) then
limj(1—1)h(r,c)dr= 2mih(5,6), L =c+iv. (23)
R ¢ -

Proof. We have
e

= f (_T_J h(t,0)-h(t,0))dt+
Ao

So, to prove the relation (23) it is sufficient to prove
that

I(v)= i [Tic—Tic](h(t,C)—h(r,c))dt S50,v—> 40, (24)

where Re{=c=const. Let >0 and

W= [ + [ =LW+LW
[t-0]<8  |—of>8
1) As [t-¢=|t-g2[¢—o] then (sce(9))

| Ih(t.9)-h(r,0)dr<4Cs

‘ [1-ol<d

Jh(‘t {)-h(t,0)|dr<s—— \Q

2)If [t—0|>3 then [{—1/>8 and
B U\

0 - [(-0G-0| ¥

Therefore (see(8))

1 1
L) s‘i‘% P (\h(r,C)H\h(r,c)\)drS4M§.

If we choose 8=3%/v then L(v),1,(v) = 0,v—>+0, what
proves the relation (24).

Lemma is proved.

Proof of Theorem 1. 1) In view of (14) and the condition
C,) limit values (T,0,y), exist if we choose H'cH" as
subspace of differentable functions.

2) According to (14) the expressions B({)o, A(Q)y does
not depend on the choice of the factorization. We pose
V=AB (see Lemma 1) and obtain the relation (20) for
some subspace dense in H. All operators in the relation
(20) are bounded, therefore (20) holds for all elements



o,y eH. Using Lemma 3 we obtain the relation (10) from
the relation (20).

3) Let us consider the relation (21), where Im{ —+0 and
Rel = o =const. Therightside (S—o)¢ isvectorfunctionwith
values in the space H,. Obviously ‘[(‘t—c)(])(‘c)]‘ - =0. So,
relations (12)-(13) result from (21). o

Theorem 1 is proved.

As conclusion note that one obtain formula of jump of the
resolvent (see (10))

(T.0w), ~(T,0.)_=2ni((B.()0)(0),(A_(0)w)(@)),

if 1) condition on the elements ¢,y which give C,)-C,)
are indicated;

2) condition on ¢,y which permit to prolongate contin-
uously both side of (10) in more wide subspace are given.

Note that sign * in the notation B, (c),A (o) correspo-
nd to sign of limit values K, ()", K_(c)™ in the expression
of B,(c),A (o).
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o o
3anpononosano mexnonozito po3paxymxy
ananimuuH020 ONUCY HeUIMKUX HUCe, WO GU3-
Hauae iiMogiprocmi cmany 06°exmie na Momenm
npo2Ho3Y, wWo GopMYOMbC HewimKoto excnep-
mnoro cucmemoto. Onucano npouedypy deda3s-
3ugpixauii pe3yavmamie npoeHo3y68aHHs
Kntouoei cnosa: npoznosyseanns, excnep-
mna cucmema
=, u |
IIpeonosicena mexnonozus pacuema ananu-
MueCKUx ONUCanull HewemKux uucei, onpeoe-
JAIOUUX BEPOSAMHOCIU COCMOAHUL 00beKma Ha
MoMeHm npozno3a, Gopmupyemvix Hewemrou
axcnepmnoi cucmemoii. Onucana npouedypa
depazzuurayuu pesynvmamos npozHozupo-
eanus
Kniouesvie caosa: npoznozuposanue, sxc-
nepmnas cucmema
=, u |
The calculation technology of analytical
descriptions of fuzzy numbers which determ-
ining probabilities of the object’s states in the
moment of prognosis in the fuzzy expert system
is offered. The defuzzification procedure of the
prognostication results is described
Keywords: prediction, expert system
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1. BBenenue

[Tpn pemenun MHOTHX NPAKTUYECKUX 3a/a4 B TeX-
HUKe, 5KOHOMUKE, MEIUIMHE U JIP. BOSHUKAET He0OX01uU-
MOCTb MPOTHO3MPOBAHNS COCTOSHUS 00BEKTA, XapaKTe-
pH3yeMoro HaboPOM KOHTPOJUPYEMBIX, 4aCTO 3AaBUCHMBIX
napameTpos [1,2]. Takue 3ajaun TPAAMIMOHHO PEMIAIOTCS
¢ ncmosb3oBanueM akcnepTHbix cuctem (DC) [3-5]. Tlpu
5TOM OOBIYHO MPEIIOJIAraeTCsl, YTO MEXAHU3M JIOrHye-
CKOTO BBIBOJIA ATUX cHcTeM (IMPOAYKIMOHHBIN WK Oaii-
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€COB) OIlepUPYET C YeTKO 3aJaHHbIMK (GazaMu JAaHHBIX U
snanuii. Bmecte ¢ Tem, B mocyiesnee BpeMsi Bee 6oJiee siCHO
0CO3HAeTCsl MOHUMaHue HeOOXOAMMOCTH yUyeTa peabHoil
HeoIpeleIEHHOCTU UCXOIHBIX JaHHbIX 3agauu. [[pu aTom
MMOCKOJIBKY 3aKOHBI paciipejieieHus COOTBETCTBYIONNX
CJIYYalHBIX BeJIUYHNH, KaK TTPABUJIO, HEU3BECTHBI, IJII UX
OTMCAHUS HCIOJb3YIOT TEXHOJOTHMI0 HEYeTKOH MareMa-
TUKU, YTO TPUBOIUAT K TPUMEHEHHNIO 9KCIIEPTHBIX CUCTEM
C HEYeTKUM MeXaHW3MOM JIOTUYEeCKOro BbIBOAA. B cuiy
crientudrueckoro xapakTepa GyHKIIMOHUPOBAHNUS HeUeT-



